Abstract: Stress has become an increasingly important occupational health matter in Japan. We found that noise exposure, 6 kHz wave and its higher harmonics at the sound pressure level of 112 dB, induced typical audiogenic seizures in the MRL/l mouse strain. The seizures are often fatal. Wild running preludes to seizures. Inhibition of wild running by restricting animal's activities successfully prevented the seizures, suggesting that an excessive physical load is a necessary step. The present finding indicates that MRLII mice may be a useful model for human sudden deaths after excessive work loads.
Stress has become an increasingly important occupational health problem in developing and developed countries, especially in Japan. High economic growth demands may often force workers to adapt themselves excessively to business priorities. As a result, aggressive and ambitious behavior, competitiveness and a sense of time emergency have become common traits in Japanese workers. These behavioral traits, the so-called type A character, amplify stress. Sudden deaths of middle-aged workers are often attributed to excessive work loads due to high economic demands. The typical example is the so-called "KAROUSHI" (death due to excessive workloads)'. Cardiovascular crises are considered to be precipitated or aggravated by occupational stress. Growing numbers of these cases have increased worker's compensations claims rapidly, although the question of how the excessive workload results in sudden deaths remains unanswered.
Experimental studies on physiological influences of stress have been performed using mice and rats. Physiological responses as changes in activity of the sympathetic system, or perturbation in pituitary ovarian axis have been elucidated to some depth2~. No trials, however, have been made to develop an animal model for stress-related sudden deaths. Audiogenic seizures are one of the most well-known behavioral abnormalities in mice. When mice of audiogenic-seizure-sensitive strains are exposed to a loud high-frequency sound for few minutes, they first startle, and then begin to run and leap3~. This wild running phase then progresses into convulsive seizures. These We found herein that an autoimmune-prone-mouse, MRL/l strain, is very sensitive to audiogenic stimuli.
Using this strain, we proved that inhibition of the wild running completely abolished the seizures in this mouse strain. The present results strongly suggest a mechanism that intensive physical exercises triggered the cardiovascular crises and the seizures, and thereby killed the mice. We thus
propose that this mouse strain may provide a useful tool to investigate physiological consequences to sudden deaths after exposure to stress. The MRL/l mice (4 weeks of age) were purchased from Nippon Clea (Tokyo, Japan). They were mated in our animal facility to obtain offsprings.
Mice were housed in cages with wood shavings, a relative humidity of 50% and 12 hours light (0700 to 1900) 112 hours dark (1900 to 0700) photo cycles, and were maintained under specific pathogen-free conditions. Animals were given commercially available lab chow ad libitum.
Acoustic stimulation used was generated by a rat repeller (KC-299, Green World Trading, Toyama, Japan) on its sound wave mode. The acoustic spectrum and pressure in a capped cylindrical glass container (net height and diameter: 27 x 22 centimeters) were measured by spectrum analyzer (HP4195A, Yokogawa Hewlett Packard, Tokyo), which microphone was placed ten centimeters away from the rat repeller.
The generated sound ranged from audio frequency to ultrasonic wave: it was 6 kHz and its higher harmonics and the acoustic pressure was 112 decibels (sound pressure level), the duration of which ranged from 10 seconds to one minute.
This sound met the requirements to induce audiogenic seizures most effectively:
10-20 kHz and 90-120 decibels3~. Mice were exposed to the sound at 20 or 30 days of age. They were exposed to the sound under free conditions, i.e. mice could run around freely, in the cylindrical glass container in which the acoustic stimulator was placed at the center of the bottom. At thirty minutes after the first sound exposure, mice were again exposed to the sound in a trap. Finally thirty minutes after the second exposure, mice were again exposed to the sound without restrain.
After each exposure, mice were recovered completely and their sensitivities to the sound did not appear to change. In the mouse trap, mice were kept under complete restrain and could not run (Fig. 1 ).
An acoustic stimulus for 10 seconds was enough long to induce audiogenic seizures at 20 days of age while it takes for one minute at 30 days of age (Table  1) . When mice were kept in the trap, acoustic stimulation for one minute could not elicit audiogenic seizures in any mice, irrespective of ages. This prevention was not attributable to the decreased sensitivity to audiogenic seizures because the third exposure was reproducibly able to induce the seizures in all mice without any exception (Table 1) .
Knowledge on the pathogenesis of the seizure and causes of deaths have remained fragmentary.
There is a line of evidence that auditory deficit in audiogenic- The present experiments clearly demonstrated that inhibition of wild running by restrain is perfectly effective for prevention of the audiogenic seizures in the audiogenic-seizure-susceptible MRL/l mice, suggesting that the burst of wild running is a necessary step. A reasonable scenario is thus to assume that noise exposure induces excessive physical stress by unknown mechanisms to result in the seizures and fatality.
Our observation highlights the role of excessive physical stress in audiogenic seizures, which supports a previous finding that mice died of cardiac arrest after audiogenic seizures5~. Suzuki et al. demonstrated evidence that circulatory failure was a direct cause of fatality5~. These pieces of evidence envisage that in the audiogenic seizure processes, excessive work loads may precipitate the cardiovascular system primarily and cause hypoxia subsequently.
It is reported that audiogenic seizures involve the brain stem6~. The brain stem involvement might be a denominator in panic reactions of mice which might trigger cardiovascular crises. If so, it might be worth while investigating the involvement of brain stem in human sudden deaths.
Finally, it should be emphasized that physical restraint prevented physiological consequences of audiogenic seizures. Likewise, sedation or resting might be effective in preventing human sudden death as well as in mice. More work on physiological, hormonal and pharmacological aspects obviously needs to be done to establish the MRL/I mouse strain as a model for human sudden deaths.
A research effort has been embarked in our laboratory.
